A combined application of 5 mM KCN and 19p, A-23187 leads to pronounced contractures of plasmodial strands of Physarum polycephalum. The appearance of the contractures is independent of the amount of Ca++ in the external medium. Tensiometric registrations of longitudinal contraction activity (isometric regime) reveal an average tension increase of 50 mp compared with the preceding tension level before the addition of KCN and ionophore.
ABSTRACT.
A combined application of 5 mM KCN and 19p,M Ca++-ionophore A-23187 leads to pronounced contractures of plasmodial strands of Physarum polycephalum. The appearance of the contractures is independent of the amount of Ca++ in the external medium. Tensiometric registrations of longitudinal contraction activity (isometric regime) reveal an average tension increase of 50 mp compared with the preceding tension level before the addition of KCN and ionophore.
This high force output during the contracture coincides with a pronounced increase in the number of cytoplasmic actomyosin fibrils. Their ultrastructure is seen as a high lateral density of strictly parallel arranged F-actin filaments; the state of cytoplasmic actomyosin during this isometric contracture corresponds to the ultrastructure of isometrically contracted fibrils during the normal contraction-relaxation cycle of this organism.
A simultaneous impediment of respiration and Ca++ homeostasis strongly favours a shift of the actin equilibrium to the high polymeric side in the form of fibrils and may thus be used as a preparatory step improving the specimens in the context of other investigations, e.g., for immunocytochemical investigations or for the preparation of cell-free models to be reactivated after extraction procedures.
The acellular slime mold Physarum polycephalum represents a favourable object in cell motility research, especially for studying the motive force generation based on cytoplasmic actomyosin (for review see 10). Regular intrinsic oscillating phenomena, e.g., shuttle streaming and contraction activities are suitable parameters to analyse the effects of physiological factors (30) . Because of its favourable size, the first demonstration of a close relation between ultrastructure and function of cytoplasmic actomyosin fibrils was possible in this object : Kamiya's and our group succeeded in correlating changes in the ultrastructure with tensiometrically controlled stages of the spontaneous contraction-relaxation cycle (5, 16, 17, 31) .
In the course of investigations concerning relations between the energy metabolism and oscillating contraction activity, we analysed the effects of an impediment of cell respiration by KCN, an inhibitor of cytochrome c oxidase (11, 12 compare 24) . A simultaneous application of this inhibitor and a Ca++ ionophore induced conspicuous contractures ; this offered the possibility to investigate the ultrastructural aspects of cytoplasmic actomyosin during a longlasting isometric contraction and an unusually high force output. A tensiometrically controlled contracture should deliver further information about the arrangement of cytoplasmic F-actin during a normal isometric contraction, thus contributing to an analysis of the contraction mechanism of cytoplasmic actomyosin on the molecular level.
MATERIAL AND METHODS
Physarum polycephalum (ATCC 44912) was cultured as described previously (3). Plasmodial strands excised from plasmodia starved 1 day in the dark on 1 % non-nutrient agar (Ca++-content 2.5 ±0.3 mM) were used for tensiometric measurements (see the diagram). Under these conditions, the total Ca+4-content of the plasmodial endoplasm is 15.0 ±8.0 mM (1).
The longitudinal contraction activity of the plasmodial strands was registered under isometric conditions (16, 30 
DISCUSSION
Both KCN and anoxia result in an increased cytoplasmic actomyosin fibrillogenesis and in other characteristic morphological changes; thus it seems to be established, that KCN impedes the function of mitochondria. The other structural changes, however, are not relevant in the context of the results to be discussed here (see 25) .
An impediment of mitochondrial functions by an inhibitor of cytochrome c oxidase and a simultaneous application of a Ca++ ionophore must influence both ATP production and Ca++ homeostasis. Under these conditions, the number of cytoplasmic actomyosin fibrils is conspicuously increased (Figs. 2, 3) . Because the degree of the contracture seems to be independent of the presence of different concentrations of external Ca++ (Figs. I d, e) , the ionophore must be acting on intracellular Ca++ Bar -50 ƒÊm. 
